Sequential sampling of Bemisia tuberculata (Bondar, 1923) 
INTRODUCTION
Bemisia tuberculata Bondar is considered the major pest of cassava crop (Angel et al. 1990 ). Direct losses are caused by sucking of sap, potentially causing reduced plant vigor, defoliation, wilting, chlorotic spots and premature leaf fall. Indirect losses involve fungi growth (sooty mold) on the excess sap which is excreted, which decreases the photosynthetic area of the plant (Bellotti et al. 2007 , Pietrowski et al. 2010 . In general, the losses in yield of cassava, caused by the attack of whitefly, can be 23-80%, depending on the cultivar and the duration and intensity of incidence (Schimitt 2002) .
In Brazil, chemical insecticides constitute the main control method, although they are based on recommendations for control of whitefly in other cultures because there are no recommended products for the control of this pest in cassava (Silva et al. 2012) . The biological control with Beauveria bassiana (Bals.) Vuill. and Isaria sp. have potential to be used in controlling of this pest, however, this method is not frequently utilized (Potrich et al. 2011 Successful management of insect pests involves the efficient sampling of target insects and their natural enemies (Fernandes et al. 2003) . For this purpose knowledge of insect sampling applied to estimates of population densities assists in decision-making by the producer of whether or not to control the target insect.
Therefore, sequential sampling has shown to be faster and more reliable than conventional sampling because the latter takes into account a fixed number of samples. Sequential sampling is characterized by using a variable number of sample units, depending on the size of the population sampled (Kogan and Herzog 1980) . In sequential sampling, assessment can rapidly classify the population of the target organism in categories such as low, medium or high, or even indicate whether it is necessary to adopt some measure of control. Thus, the moment of terminating sampling and making a decision depends on the results obtained in the previous steps (Wald 1945) .
In the development of insect sequential sampling plans by the likelihood ratio method, three basic requirements are necessary which are: 1) acquiring a probability function that describes the spatial distribution of insects, 2) assess the level of damage in the form of two critical densities, such that economic damage can occurs if the population exceeds the upper limit previously established, and economic damage will not occur if the population remains below the defined lower limit, and 3) selection of maximum probability levels of making mistakes in the decision of population densities. Thus, predicting a nonharmful population density as being detrimental is called a type I error, and the probability of predicting a harmful density as not being detrimental is a type II error (Fernandes et al. 2003) .
Regarding the first requirement, the spatial distribution of organisms in the field can be considered as aggregated, uniform or random, which are statistically nominated Negative Binomial, Positive Binomial and Poisson, respectively. For each type of distribution, there are variations in the method to be used for establishing the sampling plan, due to various parameters involved. Regarding the second requirement, the limiting economic level is established in the form of two critical densities, where it can be affirmed that this has been one of the barriers to the development of sequential plans in Brazil.
The establishment of population levels usually requires long-term studies involving observations of crop cycle, plant physiology, pest damage, cost of control and production value, and these studies are scarce. However, according to Barbosa (1992) , to start a program of pest management are necessary all population's data of insect and for this the knowledge practical can be used to sampling of pest. Furthermore, the third condition must be observed, the probabilities of type I and type II errors.
The objective of this study was to determine a sequential sampling plan according to two methods for management of B. tubercula adults, i.e., using population densities for biological or chemical control methods.
MATERIALS AND METHODS

DESCRIPTION OF THE SAMPLING AREA
The experiment was conducted during the first crop cycle of 2012 in a commercial production 
STATISTICAL ANALYSES
The sequential sampling plans constructed for the species studied were based on the sequential probability ratio test (SPRT), according to the methodology developed by Wald (1947) . The objective of this plan is to test, with the lowest possible number of sample units, the hypotheses H 0 and H 1 . Hypothesis H 0 indicates that the population is below the level of safety, and therefore it is accepted that there is no need for pest control, while hypothesis H 1 indicates that the population is above the level of safety, and its acceptance means that it is necessary to apply control methods.
Decision trees were thus constructed for performing the SPRT. The upper decision limit indicates the number of organisms required to reach the proposed control level; on the other hand, the lower decision limit indicates the total number of organisms from which it can be affirmed that this population is below the level of safety, thus there is no need to apply any control measures.
The upper decision limit of the test is defined as: S 1 = h 1 +S×n. The lower decision limit is defined by the SPRT test: S 0 = h 0 +S×n, where, in both equations, (n) indicates the number of the sampling unit to be used in sampling, and the values h 0 , h 1 and S are defined as the Negative Binomial by:
where: a = ln (
1 -α ; u 0 = level of safety; α = level of economic damage; α = type I error; β = type II error; k = Kc index (common k), calculated by the method proposed by Bliss and Owen (1958) 
Since the variable w i involves the unknown parameter Kc, the process of estimating this variable should be interactive, and an initial estimate of k c should be obtained from:
Therefore, according to the spatial distribution model of the organism studied, to determine the decision limits in the first observation, a value for n of 1 was used and the upper and lower limits were determined for sampling unit number 1; in the second observation a value of n equal to 2 was used, thus determining the upper and lower limits for sampling unit number 2. This was continued until reaching the last sample unit necessary for the sampling plan.
Evaluation of the SPRT test is on the Operating Characteristic Curve OC(p) and Expected Size of Sampling Units Curve Ep(n). Thus, after defining the Sequential Sampling Plan it is important to determine the Operating Characteristic Curve OC(p), which is a graphical representation of the operating characteristic function and seeks to provide the probability for the complement of sampling and not advising control up to a certain degree of crop infestation This curve indicates the probability of adopting a correct or wrong decision for any level of infestation. The Expected Size of Sample Units Curve Ep(n) represents the average number of observations required to make the decision on whether or not to perform control. The functions used for determining both curves, in any spatial distribution, are presented by Young and Young (1998) :
where: p= average number of whiteflies per plant; h= auxiliary variable dependent on p.
RESULTS AND DISCUSSION
For the construction of the sequential sampling plan of B. tuberculata, it was established that the Negative Binomial Distribution was the model that most accurately described the spatial pattern in the field. The levels of control (μ 1 ) for 5 and 20 adults encountered per plant were employed for the biological and chemical control methods, respectively. The level of safety (μ 0 ) adopted was one adult for the biological method, and six for the chemical method (Bellotti et al. 2007) , since this is well below the damage level, minimizing the possibility of incurring type I and type II errors.
The common K index (Kc) was calculated as 1.035 by the method of Bliss and Owen (1958) . Values used for the type I and type II errors were α = 0.10 and β = 0.10, respectively, according to the proposal of Young and Young (1998) . Thus, the upper decision limit when accepting H 1 : m 1 = 5 using the biological control method is S 1 = 4.2056 + 2.1540n and H 1 : m 1 = 20 is S 1 = 20.219 + 10.4306n for the chemical method. The lower decision limit for accepting H 0 : m 0 = 1 is S 0 = -4.2056+ 2.1540n for the biological and H 0 : m 0 = 6 is S 0 = -20.219 + 10.4306n for the chemical method. From the data of the equations two sequential sampling plans were prepared, seeking the management of B. tuberculata in the cassava crop, according to the type of pest management to be adopted in the culture.
From the resulting numbers of the equations presented, two graphs were built representing the upper and lower limits (Figure 1) . Thus, one table for each type of management can facilitate the field work. When the first observation was made (1 st sampling unit), the number of B. tuberculata adults found was recorded in the equivalent "total SEQUENCIAL SAMPLING OF Bemisia tuberculata sampled" field. The number of adults found in the second observation was then added to the number found in the first observation, and the resulting amount was recorded in the "total sampled field" as (2 nd sampling unit). The rule to finalize the sampling can be satisfied when either one of the following conditions is met: a) The total number of adults counted equals or exceeds the upper boundary; in this case, control is recommended. b) The total number of adults counted is less than or equal to the lower boundary; in this case, management is not recommended. Decision making, whether or not to control the pest with biological management, is possible only after the 3 rd sampling unit ( Figure   1A ), and for the chemical method decision making can only be performed after the 2 nd sampling unit ( Figure 1B) . These results show the efficiency of sequential sampling with respect to the speed of decision making. Fernandes et al. (2011) related the efficiency of this method to classify the density of the pest, compared to traditional methods, resulting in savings of time and effort for making decision regarding control or not. With the two graphical representations of the operation characteristic curve OC(p) it is verified that with an average of one adult per plant, the test indicates only 1% likelihood of recommending biological control without necessity, i.e., type I error. For 10 adults per plant, the possibility of occurrence of type I error is almost zero (Figure 2A, B) . Using the population density for chemical control, it is observed that for average values greater than three adults per plant, there is only a 1% probability of type I error. When exceeding 35 adults per plant the possibility of this error is almost nil. The expected number of sample units Ep(n) in the Sequential Probability Ratio Test ( Figure 3A, B) , indicates a density of 1.34 B. tuberculata adults, the probable number of sample units needed for sampling will be three units, and for six adults 1 sample unit is probably sufficient for decision making and use of biological control. Regarding chemical management, for the density of 7.39 adults of this pest, a maximum of 3.85 samples are necessary, and for more than 12.5 adults, 3.03 units are necessary for decision making. adultos da praga para o controle químico.
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